We studied a 42-year-old woman who had persistent active acromegaly despite conventional therapies. She was treated for 6 months with SMS 201-995. Her mean plasma growth hormone GH values decreased during treatment from 9.1 ± 1.2 to 6.6 ± 1.2 u.g/L. One month after the withdrawal of SMS 201-995, the plasma GH level increased to 24.4 |ag/L (P < 0.001). This elevation was clinically silent and transitory, as GH levels decreased 8 months later to 6.9 ± 1.3 ug/L. Furthermore, at the beginning of therapy, her intractable headache was completely relieved; however, it progressively resumed under therapy. In conclusion, cessation of SMS 201-995 may be followed in some acromegalic patients by a rebound of plasma GH levels. This rebound suggests that SMS 201-995 decreases GH levels by an inhibition of its release from the pituitary. Furthermore, SMS 201-995 may relieve intractable headache in some acromegalic patients, but tolerance to the analgesic effect may develop. RESUME: Le ricochet de I'hormone a croissance apres l'arret du traitement a SMS 201-995 pour I'acromegalie Nous avons evalue une malade de 42 ans qui demeurait avec une acromegalic active en depit des traitements conventionnels. Elle fut done traitee pendant 6 mois avec du SMS 201-995. Ses niveaux moyens d'hormone de croissance (GH) ont diminue en cours de traitement de 9.1 ± 1.2 a 6.6 ± 1.2 Ug/L. Un mois apres l'arret du SMS 201-995, les valeurs moyennes plasmatiques du GH avaient augmente a 24.4 ug/L (P < 0.001). Cette hausse fut cliniquement silencieuse et transitoire; ainsi, les niveaux de GH diminuaient a 6.9 ± 1.3 ug/L, 8 mois plus tard. De plus, les c6phalees rebelles de la malade sont completement disparues au debut de la therapie. Cependant, au cours du traitement, les cephalees sont progressivement reapparues. En conclusion, l'arret de SMS 201-995 peut etre suivi chez certains acromegales par un rebond des niveaux plasmatiques de GH. Ce rebond suggere que le SMS 201-995 diminue les niveaux de GH par une inhibition de sa relache hypophysaire. De plus, le SMS 201-995 peut soulager les cephalees rebelles de certains acromegales; toutefois, il peut se developper une certaine tolerance a cet effet analgesique.
The long-acting somatostatin analogue SMS 201-995 is now acknowledged to be a useful therapeutic adjunct in the longterm treatment of acromegaly when this condition cannot be cured by conventional treatment.
1 ' 3 SMS 201-995 lowers plasma growth hormone (GH) in most acromegalic patients, 1 ' 2 but its exact mechanism of action is still not completely understood.
We report a case of plasma GH rebound elevation after cessation of SMS 201-995 therapy in a patient with active acromegaly. These data differ from previous publications, 2 -4 and we think that this observation could provide insight into the understanding of the mode of action of SMS 201-995 on GH secretion in acromegaly. CASE 
REPORT
In 1987, a 42-year-old acromegalic woman was referred to us because of persistent elevation of plasma GH. Since 1974, she had experienced the progressive appearance of amenorrhea-galactorrhea, severe headache and classical clinical features of acromegaly. In 1978, she underwent transsphenoidal surgery and was found to have a mixed GH/PRL pituitary adenoma, stage IIB, according to Hardy's classification. 5 Mean levels of 8 determinations of GH and PRL obtained on 3 different days decreased postoperatively from 20 ± 6.4 to 10 ± 3.1 ug/L and 40 ± 8.1 to 23 ± 5 ug/L respectively. Following this operation, she was treated daily with Premarin 0.625 mg, medroxyprogesterone acetate 10 mg, levothyroxine 0.15 mg and cortisone acetate 50 mg for a partial hypopituitarism.
In August 1985, a dopamine agonist therapy was begun. However, the mean GH levels remained to 10 ug/L after one year of treatment with bromocriptine (up to 20 mg daily). Consequently, in August 1986, external radiation (5600 cGy given as 24 fractions of 225 cGy each) of the pituitary fossa was performed.
In April 1987, the patient had moderate acromegalic features with normal visual fields. Fasting plasma GH was 10 Ug/L and did not decrease significantly (9.4 Ug/L) in response to 75 g of oral glucose. She continued to complain of intractable headache which was unresponsive to any therapy. The pain was right hemifacial in location with radiation to the right shoulder during exacerbation episodes. The pain was intense and continuous without lachrymation or rhinorrhea. It was described variously as burning or gnawing and, at times as though the skin and muscles were being stripped from the face. The patient was usually forced to lie down and shun light and noise.
In order to treat her acromegaly, a 6-month therapy with SMS 201-995 was undertaken. During the study, the patient continued to take her usual hormonal replacement therapy, in addition to acetaminophen, as required. She was admitted to the Metabolic Unit for 24-hour hospitalizations. Diet was standardized. The patient gave informed consent and the study was approved by the hospital ethical committee.
METHODS
For the study of the acute effects of the drug, 50 u.g of SMS 201-995 or placebo were administered subcutaneously (s.c.) in a single-blind manner, on 2 different days at 0900 h and serial blood samples for GH and PRL determination were collected throughout a 3-hour period. For the long-term effects, 100 fig of SMS 201-995 was injected s.c. every 6 h. In the last 3 months of the study, the patient received a total daily dose of 400 p.g, delivered s.c. in 24 bolus by a portable pulsatile infusion pump (Travenol, AS6MP). Serial blood samples for plasma GH and PRL assays were drawn every hour from 0800 h to 20:00 h through an indwelling catheter placed in the antecubital vein. These collections were made 3 days before treatment; during treatment (on the last week of therapy while the patient received on sampling day SMS 201-995, 400 fig, delivered s.c. in 24 bolus) and 1 and 8 months following cessation of SMS 201-995.
Plasma GH and PRL were measured by a double-antibody radioimmunoassay using reagents provided by BIO-MEGA Canada (Montreal). The samples for GH and PRL determination were measured in duplicate and then averaged. The intra-and inter-assay coefficients of variation were respectively, 6.9% and 10% for GH, and 9% and 10.5% for PRL. The sensitivity of the assay was 0.25 p.g/L for GH and approximately 2 ug/L for PRL. Cross reactivity between the GH antiserum with PRL and between the PRL antiserum with GH was less than 0.03% and 0.2%, respectively. SMS 201-995 was kindly donated by Sandoz, Dorval, Canada.
The pituitary tumor was evaluated by high resolution computerized tomography (CT) before, at the end of therapy, and 1 and 8 months later. Contrast enhancement was used.
Data are presented as mean values ± SD. One-way analysis of variance followed by a Mann-Whitney U was performed to compare data.
RESULTS
Plasma GH levels decreased in response to a single s.c. bolus of 50 ug of SMS 201-995 as compared to placebo but did not normalize (Figure 1) . PRL remained stable. At the end of therapy, plasma GH had declined but had not normalized ( Figure 2 and Table 1 ). One month after stopping SMS 201-995, the mean plasma GH had increased significantly compared to the pretreatment level (24.4 ± 4.2 vs 9.1 ± 1.2 ug/L: P < 0.001). The elevation did not persist, and 8 months after cessation of SMS 201-995, GH values had declined to a mean of 6.9 ± 1.3 ug/L. PRL remained stable throughout the study (Table 1) . Results of plasma creatinine, glycosylated hemoglobin and glucose tolerance testing were unaltered at each evaluation and were always within the normal range. The patient noticed no clinical change, neither on therapy nor after its cessation, except for her headache. After the single s.c. bolus of SMS 201-995, her headache, which had been present for 13 years and was unresponsive to any therapy, completely resolved during a period of The mean concentration of GH was significantly lower than its level before the therapy, P < 0.05. "The mean concentration of GH was significantly higher than its level before the therapy, P < 0.001.
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12 hours. In contrast, there was a partial decrease of her headache for 2 hours with a placebo. During the first 6-months of therapy, the patient initially had complete relief; however, her headache progressively resumed. From the third month to the end of the therapy, she received the same total daily dose but this was delivered in 24 bolus via a subcutaneous infusion pump. Again, her headache initially improved; however, it progressively resumed under treatment. CT scan showed a tumor of 25 x 17 mm before and at the end of therapy. Tumor diameters were still identical 1 and 8 months after cessation of SMS 201-995 without density modification.
DISCUSSION
In this study, we followed a patient who had a mixed GH/PRL pituitary adenoma. Her acromegaly was still active despite previous therapies. The patient was therefore treated with SMS 201-995. Plasma GH concentrations were lowered but not normalized with 400 |ig of SMS 201-995 given daily. However, a significant elevation of plasma GH, to values well above those found before therapy, was observed 1 month after stopping SMS 201-995. This increase in plasma GH levels was transient, and 7 months later, plasma GH values had returned to pretreatment levels. An increase of plasma GH by secretion of a more active tumoral gland would probably not explain the return of GH to lower values. Moreover, tumor size was unchanged on CT scan at the time of the elevation of plasma GH. Therefore, the transient increase of plasma GH reflects a rebound.
Lamberts et al 2 -4 did not observe rebound of GH following SMS 201-995 therapy; however, they only examined GH levels from 24 to 48 hours after stopping the therapy. Moreover, Lamberts et al 6 noted a great variability of GH secretion by pituitary tumor cells in response to SMS 201-995. In fact, their observations ranged from no response to normalization of GH levels in some acromegalic patients. However, a rebound phenomenon had already been described with somatostatin-14. Rebound hypergastrinemia has been reported in the 72 hours after its cessation in a treatment of one patient with gastrinoma.^ In 1981, Prysor Jones et al," incubated pituitary adenoma cells with somatostatin-14 and observed no change in hormonal synthesis organelles. However, the secretion granules were greatly increased in number and size and there was no evidence of exocytosis. George et al, 12 incubated GH-secreting pituitary adenoma cells with SMS 201-995 and found that GH release was decreased, this reduction being reversible after cessation of SMS 201-995, as demonstrated by the cells remaining responsive to GH stimulation by GRF and GH inhibition by this somatostatin analogue. There was no evidence of cytotoxicity or vasotoxicity seen on electron microscopy. Cell nucleus and cytoplasm areas were smaller than those of control cells from patients with pituitary adenomas pharmacologically untreated before resection. They noted uptake of secretory granules by lysosomes (crinophagy), and that these granules seemed to be larger; but there was only one case in this study and the treatment before resection of the tumor lasted only 10 days. These studies support the hypothesis of a reversible GH accumulation in secretory granules of tumoral cells and its relatively sudden release after cessation of SMS 210-995 and could explain the rebound of GH observed in our patient. No tumor shrinkage was observed in our patient, which is in agreement with Sandler et al. 13 However, the GH accumulation hypothesis is probably not inconsistent with the tumor shrinkage observed in many acromegalic patients. 2 In fact, George et al, 12 found that the cell areas were decreased, in spite of increased number and perhaps size of secretory granules.
PRL was unchanged by SMS 201-995, which is in agreement with Lamberts et al 6 who suggested that bromocriptine and SMS 201-995 had different mechanisms of action probably involving different receptors. They also observed that pure GH and mixed GH/PRL do not influence the sensitivity of GH secretion to SMS 201-995.
Clinically, the GH rebound was asymptomatic. This suggests that therapy and/or the rebound period were too short or that GH correlates weakly with clinical indexes of severity of the disease, as already reported by Clemmons et al.
14 Her incapacitating headache was initially relieved by SMS 201-995, but progressively resumed. Under SMS 201-995, stable improvement of severe headache associated with pituitary tumor has been reported. 1131516 The mechanism by which SMS 201-995 relieves headache is unknown. SMS 201-995 decreased the plasma GH concentrations in our acromegalic patient and it is well known that hypophysectomy produced boney pain relief in about 70% of patients afflicted with cancer. 17 We could postulate that the low GH levels following hypophysectomy are responsible for the amelioration of pain. However, the pain relief following hypophysectomy is not related directly to the expected fall in the levels of known pituitary hormones. In the same manner in our patient, her headache resumed although the GH levels remained unchanged. Paradoxically, Terenius 18 reported that somatostatin may function as an endogenous antagonist to the endorphin system. However, Williams et al 15 suggested that somatostatin could affect the release of unknown analgesic peptides from pituitary tumors. This is the first case report of tolerance to the analgesic effect of SMS 201-995. In contrast, transient alleviation occurred quite frequently when this treatment was used in treatment of other conditions. 19 ' 20 Thus, Kvols et al 20 reported a gradual recurrence of symptoms during SMS 201-995 therapy in 5 of 22 patients with malignant carcinoid syndrome. This tolerance could be related to acceleration of the patient's SMS 201-995 metabolism; however, the stable GH levels in our patient's during the therapy did not reflect this fact. The tolerance could also be related to modification cyclic 3': 5'-monophosphate (cyclic AMP) formation because Reisine et al 21 reported that somatostatin-14 pretreatment desensitized somatostatin receptors linked to adenylate cyclase.
Overall, this case report illustrates that no definitive conclusion should be drawn about the GH levels after SMS 201-995 because of the possibility of the occurrence of a transient GH rebound following this somatostatin analogue treatment. Furthermore, the indication of SMS 201-995 for intractable headache in acromegals should be hampered by the fact that the pain relief produced by this treatment may be transitory.
